Estimation of peak flood discharge (PFD) for a given return period is of utmost importance for planning and design of hydraulic structures in the project site. The peak value of a flood discharge having a pre-defined average return period is determined by frequency analysis, known as flood frequency analysis (FFA). The paper compares the eight probability distributions used for estimation of PFD for Malakkara and Neeleswaram. Maximum likelihood method is used for determination of parameters of the probability distributions. Goodness-of-Fit tests such as Anderson-Darling and Kolmogorov-Smirnov are applied for checking the adequacy of fitting of the distributions to the recorded annual maximum discharge. A diagnostic test of D-index is used for the selection of a most suitable distribution for FFA. Based on GoF and diagnostic test results, the study shows the EV1 distribution is better suited for estimation of PFD for Malakkara whereas LP3 for Neeleswaram.
Introduction
Water management and design of irrigation and drainage projects are based on extreme values rather than on average values. Annual peak flood discharge (PFD) corresponding to return periods varying from 2 to 1000 years is generally used by the design engineers and hydrologists for economic planning and design of minor and major hydraulic structures such as barrages, bridges, culverts and dams, etc. The peak value of a flood for a certain return period can be determined by frequency analysis applied to the recorded series of annual maximum discharge (AMD). An annual flood peak is the highest instantaneous discharge value at a definite cross-section of a natural stream throughout an entire hydrologic year (water year), which can be interpreted as the maximum flood peak occurring in a water year [1] [2] . The longer the period of observation, the greater the length of the recorded sample series, and the more realistic the results of the flood frequency analysis (FFA). Values of the parameters of the probability distribution functions estimated using the available sample series should be unbiased and close to their population values. In the present study, maximum likelihood method (MLM) is used for determination of parameters of the probability distributions.
Probability distributions such as normal (NOR), log-normal (LN2), exponential (EXP), Gamma (GAM), Pearson Type-3 (PR3), Log Pearson Type-3 (LP3), Extreme Value Type-1 (EV1) and Frechet (EV2) are commonly adopted for FFA [3] - [5] . Salami [6] studied the NOR, LN2, square-root-normal and cube-root-normal frequency distributions of meteorological data for Texas. The results showed that the square-root-normal distribution is suitable for precipitation data while all of the frequency distribution for evaporation and temperature data. Lee [7] expressed that the PR3 distribution is better suited amongst five distributions studied for analyzing the rainfall distribution characteristics of Chia-Nan plain area. Bhakar et al. [8] studied the frequency analysis of consecutive day's maximum rainfall at Banswara, Rajasthan, India. Fang et al. [9] proposed an approach based on the peak-over-threshold sampling method and a non-identical Poisson distribution to model the flood occurrence within each season. Chen et al. [10] proposed the use of a copula function to jointly model the distributions of flood magnitude and date of occurrence. Allamano et al. [11] analyse the magnitude of under (or over-) estimation of design events in the presence of seasonality by using the peak-over-threshold approach. Bowers et al. [12] presents a statistical procedure to partition river flow data and focuses on power transformation and log-normal distribution to describe the constructed seasonal river flows. Vijayagopal et al. [13] applied Gumbel and Frechet distributions for development of intensity-duration-frequency relationships for Mandla and Jabalpur regions. But there is no general agreement in applying particular distribution for FFA for different region or country. Moreover, when different distributional models are used for modelling AMD data series, a common problem that arises is how to determine which model fits best for a given set of data. This can be answered by formal statistical procedures involving Goodness-of-Fit (GoF) and diagnostic tests; and the results are quantifiable and reliable. Qualitative assessment was made from the plot of the recorded and estimated AMD. For quantitative assessment on AMD within in the recorded range, GoF tests such as Anderson-Darling (A 2 ) and Kolmogorov-Smirnov (KS) are applied. A diagnostic test of D-index is used for the selection of a most suitable probability distribution for estimation of PFD. The study compares the eight probability distributions used in FFA, and illustrates the applicability of GoF and diagnostic tests procedures in identifying which distributional model is best for estimation of PFD for Malakkara and Neeleswaram. Table 1 gives the probability density function (PDF) with the corresponding flood quantile estimator ( ) T x of eight probability distributions used in FFA.
Methodology
Here, x µ and x σ are the mean and standard deviation of the series of AMD, y µ and y σ are the mean and standard deviation of the log-transformed series of AMD. α , β and γ are the scale, location and shape parameters respectively. For EV1 and EV2 distributions, the reduced variable ( )
corresponding to the re-
T K is the frequency factor corresponding to the return period and coefficient of skewness ( )
for NOR and LN2; P K is the frequency factor corresponding to the S C of the original and log-transformed series of AMD for PR3 and LP3 distributions respectively [14] .
Goodness-of-Fit Tests
GoF tests such as Anderson-Darling ( )
and Kolmogorov-Smirnov (KS) are applied for checking the adequacy of fitting of probability distributions to the recorded AMD [15] . The 2 A statistic is defined by:
Here, 
Similarly, the KS statistic is defined by:
Here, . If the computed value of GoF tests statistics given by the distribution is less than that of critical value at the desired significance level, then the distribution is considered to be acceptable for FFA.
Diagnostic Test
The selection of a most suitable probability distribution for estimation of PFD is performed through D-index, which is defined as:
Here, x is the average value of the recorded AMD, i x is the th i sample of the first six highest values in the series of AMD and i x * is the corresponding estimated value by probability distribution. The distribution having the least D-index is considered as the better suited distribution for estimation of PFD [16] .
Application
An attempt has been made to estimate the PFD by eight probability distributions for Malakkara and Neeleswaram. Based on the water year (June-May), stream flow data for the period 1985-86 to 2012-13 for Malakkara and 1971-72 to 2012-13 for Neeleswaram is used. The series of AMD is derived from the daily stream flow data and further used for FFA. Table 2 gives the summary statistics of AMD.
Results and Discussions
By applying the procedures, as described above, a computer program was developed and used for FFA. The program computes the parameters of the probability distributions and GoF tests statistics, PFD estimates for different return periods and D-index values for the stations under study.
Analysis Based on GoF Tests
By applying the procedures of GoF tests, quantitative assessment on fitting of probability distributions to the data series of AMD was carried out; and the results are given in Table 3 .
From Table 3 , it may be noted that the computed values of 2 A statistic by EXP and PR3 distributions are greater than the theoretical value of 0.786 at 5% significance level, and at this level, EXP and PR3 distributions are not acceptable for modelling AMD for Malakkara. For Neeleswaram, it may be noted that the computed values of 2 A statistic by EXP, PR3, EV1 and EV2 distributions are greater than the theoretical value of 0.780 and therefore these four distributions are not acceptable for modelling AMD. Also, from Table 3 , it may be noted that the computed values of KS statistic by seven probability distributions other than EXP are lesser than the theoretical values (0.250 for Malakkara and 0.205 for Neeleswaram) at 5% significance level, and at this level, the seven distributions other than EXP are found to be acceptable for modelling AMD for Malakkara and Neeleswaram.
Estimation of Peak Flood Discharge
Parameters of eight probability distributions were determined by MLM and used for estimation of PFD for different return periods for Malakkara and Neeleswaram, which are given in Table 4 and Table 5 respectively. From the PFD estimates, it may be noted that the EXP and EV2 distributions gave higher values for return period of 5-yr and above when compared to the corresponding values of other seven distributions for Malakkara and Neeleswaram. Figure 1 shows the plots of recorded and estimated PFD by five probability distributions for Malakkara and Neeleswaram. Since, the 2 A test results rejected the use of EXP, PR3 and EV2 distributions for both the stations, the corresponding frequency curves are not shown in Figure 1. 
Analysis Based on Diagnostic Test
For the selection of a most suitable distribution for estimation of PFD for Malakkara and Neeleswaram, the D-index values of eight probability distributions were computed and given in Table 6 .
From Table 6 , it may be noted that the D-index values given by EV2 (for Malakkara) and LP3 (for Neeleswaram) distributions are found to be minimum when compared to the corresponding indices of other distributions. But, the 2 A test result showed that the EV2 distribution is not acceptable for estimation of PFD for Malakkara. After eliminating the EV2 distribution from the group of eight probability distributions used in FFA, it may be observed that the D-index value of EV1 is the second minimum next to the EV2; and therefore EV1 distribution is considered to be the most appropriate method for estimation of PFD for Malakkara. On the basis of GoF and diagnostic test results, EV1 distribution is identified as better suited for estimation of PFD for Malakkara whereas LP3 for Neeleswaram. Table 4 . Peak flood discharge estimates given by probability distributions for Malakkara. 
Conclusions
The paper compared the eight probability distributions used in estimation of PFD for Malakkara and Neeleswaram. The paper described that the selection of a suitable distribution was performed through GoF and diagnostic A test results showed that the distributions such as NOR, LN2, GAM and LP3 are uniformly acceptable for fitting AMD of both the stations. The KS test results supported the use of seven distributions other than EXP for fitting AMD of Malakkara and Neeleswaram. The study showed that the EV1 distribution is better suited amongst eight distributions used for estimation of PFD for Malakkara whereas LP3 for Neeleswaram. The 1000-yr return period PFD for Malakkara and Neeleswaram was computed as about 2588 m 3 /s (using EV1) and 4146 m 3 /s (using LP3) respectively. The study suggested that the results presented in the paper would be helpful to the stakeholders for planning and design of irrigation and drainage projects, and major and minor hydraulic structures in Malakkara and Neeleswaram.
